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^at^^tL^tt^L^2o<7)^^~> ? ^>'7 ,, ia^*^t, 



±B 2 oo|30H*W3fe«*»tt^ i raffia * n y ^«*Ofi*±* c 9 

£1 HfBlftOCDRIsJB&o 
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^^m. 2003-073720 ^ ^-V : 2/ 

10 0 0 1] 
[0 0 0 2] 

[^^it 1 ] A lOGb/s CMOS Clock and Data Recovery Circuit with 
a Half-Rate Linear Phase Detector, Jafar Savoj and Behzad Razavi, IEEE 
Jounal of Solid-State Circuits, vol.36, No.5, pp. 761-769, May 2001, Fig. 
1. 

j^ CP> ;v-^7^VHOF (RU R2. ci) . ffi*BJ|Msmrae»iai&D 
SC. *E«»»*EttVCO*'b&&o ttffiJfcttH»PDI^ H7 0«lffc*"r 

±:& S *K *>*v»«±ait»T* t »)jftOJ.yyiBOfi:ffi36**i"e r r o r^SrtMJ 

t^i*offt^ r-*«>H»*Wr e f i*«>***fc 

*r^-t*o flaJOCDRHKl?!^ e r r o r 4g-^>'"W**Bf*- ^ffil^^^ 

OK&o*§^T*fflvv^*fc&& 0 ttz, \t}r-?D i n«^n^ 
CK(Oi*)±^ 0 £ fcte&^T^ ^Offcffl^mtr 1 error 
/</l/*«ttl£<fcOT/2^feTfc:j£^#, e r r o rffl^it^^^F^ 
HWW&TUK 4«o e r r o r«^h r e f ft l±^f 
CPK^U e r r o rlf^h i g h(t4*>*il "1" 
v^TM^m^mffi^mill^D SC^fiv c o n t +«:^Lti««:ItM 
> «*«lv c o n t-*6«Mf9ISffli"- r e f «Wh i ghOWU 
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3/ 



«|v c o n t iflv c o n t +*fe«lt«lft»i- 



o fl^iv c o nt+Wv c o nt-tt, ^-/7^HL0Ft»*U 
[0 0 0 3] 

^ffi^n y 9 Ltz^m-Cit, e r r o rff^'h i g h^Fflt:^-^7 * * 
^LOF<7)fIC 1 Kifcft&triBttW*^ r e f i g hOBSHKE C 
§1C 1 frhmtim&*tMMAtW&&\<\ m-Wm.v cont+tvcont- 

o r«Wh i g h -C* f-^-^#>-/CPOtt*^****tT 
V^ftiv cont+hvcon t - 1 0«tt3S*»^9^«^lPi"*« **= 

^^Ji^lQ'fia^WStLTV^Btti, e r r o rif^h i ght?**fi# 
0* flMH*v cont+hvcont -Wltl^^f T*m'WSXtZ>a 

m ^ m vcont+ivcont-t ttWffi#ffi«E3E»liIKD S C <D XU 

&.ZtlT&*), m^mmSM^m^DSClt^flhm^v con t+tv c 
o n t-t<Dfm^BtJU<O^WLV c o n t V^^^t^o ^ 

| VC ont+hcon t - t C0S^7°7 *H I'* # < £tB7J v c o 
n t O*©tt±**0 > fc-S&v cont+fcvc-ont - fc omfl&tf^'f 
ffilH^S < fctB7Jffl!l^«-^v c o n t om^iiT^^o n y ^RfliffiTJlll 

©ttiv c o n t om&t±-5eii£KfcSo M^mffimffi^mni^D s com* 
««iaKvcott, r-&mmTKttLx, m&m/2 (=1/ (2*t) ) 
&@b&d s cffi#moflrs*iv c o n t <oie^ < ^^>tm^.mt±^^). v 

c o n t fcjaifc8ct±T***o 

oia&HjfcOTffiiifWMii* v c o 0>&mmm*KWA2 *u ^°^ CKOtt 
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012 0 0 3-0 7 3 7 2 0 ^ ^-V. 

[0 0 0 4] 

e r r o r if »^ivvt;VX i^^tWJ i ^«^^o »CDR 
HR-Ctt, e r r o rifttf-^0»^ i ?^^^^**^ n ^ 

sec, iiS^f/2Hz (?n^*j(:) t, errorlf^ 

«MWfc*-Cf HzJOJhfcfc&o «*fl!>CDRIII*«rfe»-r*^»^ 

[0 0 0 5] 

1 ) -KtfflJtlfclal^feSiifiLWttffi^^ n y * e r r o r 2 offi^j 

Dy^^JR^e r r o rift r e f #^0/<;V*raJfc<Z>&&fcta5El'* * 5 
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^F02 0 0 3 - 0 7 3 7 2 0 ^ ^-V. 

[0 0 0 6] 

?%t>%, Brass lfciswctt, titfBJfc*aaiE&, ^-v*^:/®^ ;v-7 

7 4 )V? Zm-fZ. l^ltW V-Y<D9uy9 xn^-fh^- 

#^tC«*t*V>^««fcOJfc*»jE"t*CDRH*^ov*-C»3feL"rv»*o 
[0 0 0 7] 

[0 0 0 8] 

fMttl $ UTV»a C D R ov^rm^ L T v>£ 0 

[0 0 0 9] 

^CDR ®S&J±> flDBJtttBttP D_2 ** v»tt^H«E»ttlRia»P F D_2 

, *i©?-*-s>#>:/ei*cp_k ^2 (7>^-^-^^>^ p ih^cp_2. ;v 
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^1^2 0 0 3-0 7 3 7 2 0 ^ ^-v : 6/ 

7^ X^f-^D i n^IMir^t^ttm^n^ckv^ 
±A*1)&x.vV (m2K&VZ> t CK1) ^WilWIl^erro 
( er ror_l) M^^ckvn (H2 fcfctt* t CK 2 
) lCiti-^^0&fflM^"r^2 0e rrorlt (erro r_2) h<£>2 

& * trr- * omm *m+jEjim®tt<o* & % 1 & & 2 

(02^re f«* (r e f_l, r e f_2) SrHtfj-f&o e r r 

o r#*ttfl0»iS«fe**fc LTM2U r e f «4»i^-^H»M»fc tT* 

fc-T-*ffl2rO*!K Do u t _2 7? t^f-^*^^ ^ 

„ C K o u t liiEffl^ n ? i'fif ^W* "C*io 
[0 0 10] 

^W^*^*Hife^®^>CDRIlIKt?«±^ erro rfc-^V* A' 
fflD? ^U (3/2) *T (TWtr-*JMI) <K refftW^I 

h) , erro r ^-^^V^Iti (3/2) * T^fc T K&o*< o £ fc^ H£ 
<?u>y*ckv <r>3L%±.ifi 9 J#X1} T- * D i n Ol^J^t 1 ^^ 
^ttf^O. 5*T*t?Jitrfc. errorltOWili(3/2) *T 

> it , erro r_l«*i: r e f _1#*14*1 ©**-V#>7H*C 
P_1^U e r r o__2«-§§-£ r e f_2#*tt* 2 Vtf^H 
KCP_2^tSo itLfb^--V-v^> , 7 0 lQl^CP_l*3j:r) f CP_2(±. 
erroriWi gh(M"l B )OF^> |f«vcont+^UiV- 
774/U*L0Ffc****Ui*. «^«vc o n t-^UiV--/7^V 
*LOF*fc««fl*W1"o reffWhighOBIi, » c 

o n t - ^U;W/7-f ;V^LOFlcm^i%mL^> c o n t + 

^^LTm^^^lim-ro erro rffhre f 1 ow(II "0 

" )<Dm&&m^v c o n t c o n t *UI tWftttiMtfc 
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v> 0 m^-Bv con t+^itfv con t -ti. ^-^^vnOF^t 
&&#lR 1 t»CR 2 <Dft%kK&*&Wi*KX^Z>o im&* * * Lfctt»-Ctt 
, Me r r o r«^-€"tt^tth i gh«PV~^7^V^LOF^f C 
l^^tf^m#*i:Mr e f##^tt-rtth i gh«i:fiCH^ 
^ttm^>|g:m#*^^^v>, m-^Wiv cont + bcont -F^mte^ii 

~-^V7 0 ®8&CP_2<7)V'-xm5iS (££-ef;MRK> e r r o r#^h i g 

mm (uifiilt:, r e f i gho^M^;v-'/v^;v^«tLi2 s tf 

gji? fc*!)^ n^HOerrorf^kre f m^^^^^it^ 

»^-»± (2/3) -eab^o \DT-*T> i n<DM&*x-v vK^^^J: 

^triEffi^ny^ c k v<7)2l*.±75^^^^ (02 icislt^ t CK 1) cote 
TO^V^BKie r r o r«-^h i g hT^^ifS^U^^^f^v con 

t+^i^v con t-F^om^^-/^^«iJ^iiin-r^o 

[0 0 11] 

7JjT-*D i nCO^^^^K^'t'^^t-CiE^^n^^ c kv©i 
*>_b& s *)^y vO&^atLTV^&Bttee r r o r^-S^h i g hX» 
mi «9#^v cont+£vcont -Fl^lti^^ i- xm\zWmt & o 
i-tiv cont+bcont-l: tiWffiJJMBWEaafeHI&D S C KA^I"* 
o ffii*giMSWEE&&lBlftD SCttfit»v cont+fcvcont -HWlti 

c o n t OlEV^;H:fHfSo con 
t+hvcont -^<0m^^7^ffi8lCiiJni-^> tmpn<0®ttv con 
t <7)lt(J:±^^ «-^*llv cont+tvcont -m<DWMM^^ ±^ 

tt%<&2>tmj3m<om^Uv con totftiiWo ffi#any^n*»±m* 

fiHS"^»v c o n t 0^{±— ^l-^^o D S CHIi^m^jfilJ^'fs^v c o n t 
tt, «£EfW»«SiattVCO»w»«$*tTv*ao i£E««l«ittVCOIix f» 

~-*j§«mc*tL-c, (=1/ (2*t) ) u 
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f^tv c o n t tf*»v»mffifc** fcJlife&tt-ttfO . v c o n t *«ftv»mffifc 

TJSjf- GUISES *U CDRHi^^ttSo 
[0 0 12] 

D_20BIWtH3C, ^^l^ilFH2 0^^-^*°>7 p III^CP_K 

c p_2 (Dmmtitm* \zm-to nwmwEt&m»T> s c* *tfmffii»i» 
l enigma y > vv-^ mtt-cfluairife-e* a fc* - - -e»±#^^ t 

^KJtlfciaKPD_2ttia3 0J:"9 ^ ;UJ7*-*D i n&^y^lsJS&L 1 £ 
^-Q 1 ) 14 9 ? L 3 Of- * AtfSSrf-D 33 £ tfBM&ttfltfffift 

Q 2) {49 yfBRL 4 Of-^A^D^i tfB^«fl»3*niIlttE 1 Oi 1 

E 2 OS 2 * O^ttH^EIttE 3 OH 2 OA^S^^tSt^ 

o SMfe»»S3»lHlKE lom#litem^li]i&PD__2 0e r r o r_im2Kt 
-5§-£&&o SNIfc«»a5f0®^E2Offi*»±ffiffllbtSililKPD_2Oe r r o r_ 
2 «MfiWlia?fniiI»E30HJiJ«^ttANDEI»Al fcAND 

ms&A 2 on i oA#®w*ii^$g-?-&o 

^n>y^A*^Ci:ANDlBll^A10^20A^^ : f'^^ni-ao ^ n 
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[0 0 13] 

^T^^ONf^ jSC) ICJEffl^ D7nkv £i£>ffl? u y * c k v n 0*ti?H 

* D i nOR&W^L^&jE** n^ckv fcjffiffi* n y * c k v 

tmtLU fiffiny^e r r o rflr^O^^(B*e r r o r^03£JSM6 

e r r o r«-^ti> XtlT-*T> i n K*3\/>-C«8W-& 2 oOf-^#h i g 
h(lpffi "1" 1 ow«S "0" )£, itzii 1 ow©I "0" )*fch i 

g h(iS "1" ) b rt*^ i±tfJ 2 *L& o r e fifi^ A^T"*-^D i 
nlc*5V*-Cji«i-& 2oOf-^h i gh^t>l o tfcli 1 owfrfc h 

X7 y (H2fci3lt*tCKl) t*7 7ftl.o 9 9fB»L10ffi^Q* 

*») (tffiXViilv^^Ctt) f-^iTO (3/2) te<*>Mfc#ft**t* 
o A#f*-*D i yfllttL 2 K&^XWfetW? c k v ntf>3l 

^Jb^OJ-y-? (g|2fc:felt& t CK2) t?yWo 9 7fi»L2 0ffl* 

atfcv>j*frfctt) 77m-U:^f-^|T<7) (3/2) tiWWcM 
l)x ? y (B2fci$»tS t CK2) -C5 7fU i nOHWBO 

2tznmM% j £'C7y^m&L 3<omti7*-^ q 3 icai^-f^o row-* ffi^ 
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&\fZ> t CK1) t»5yfU A#t*-*D i nO^g^f-^ (ftffiX 
V*»*6v>*#, t^:b*>W J n7^lTV^^:li) T/2 /f&t313§£-£-C 

[0 0 14] 

#B (nli«afc) Of - ^ ©SHIIsWiiiinm*^**^ e r r o r_l |nx 

0 r (n+i) i#»e»*t* 0 Mf-ni^^w-^ 4 ^ 

r r o r_2 |mx o r (m+1) |jW*€>*L* 0 5^B»L 

1 t77«L2^f-^W (3/2) 
*TK#ft$*vO*&fc#- error_lkerro r _2 <7> 2 #-^?>^;v* 
fgfc (3/2) *TlC#«$*t* 0 r r o r_l fc^e r r o r_20 

* c kvWiU^^ry (12 2 fc:*5»t& tCKl) error 
__1 fc e r r o r _2 t^«O^^II4> * B*8T lr~> f-^O 

* n 7 ^ o&*>±^«9 j. y vt"c<omm-t^t>%wdz o . 5 * t * in 

X -£^_^ D i n tlEffl? n -y * c k v (tfcttj&ffl c k v n) OfflO^X 
W>*±0. 5Tt^Si^ f-^OJIf^'r^^n^OiU^^ 

y 5; t t?oNFW* ? , ®mx ism-eft & 0 . 5 * t rmmm-r & 0 Lfca* o e 

* r r o r_l ten o_2 0 2i^^^SliW^^''W^ w 
(3/2) *T*f^fcU (3/2) *T±0. 5T^^ e Lfcri* 
oT> A^Jf-^D i n bWfcirvv? ckv Ufcliifflck v n) ©|BJ<0& 
ffiXHW, M^e r r o r_l fc^e r r o r_2^^^Wl:l^ L 
xmjjZti, tifflikmmft&ntoii&o L^*>> M^e r r o r__l fcte^e r 
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W#-9-feja^tt9 7 ^0i&L 3fc77 ^HIS&L 4 ^m^T'- * Q 3 £ Jltf q 4 <r> 

mwmmm m?> * ffl v> & e 

Re ffc^l*. 3Effl^ny^ckvfc«HfeWllra«liattE3«)BJ*i:*XSJ't 
iAND@»Aloa*-e*mr e f_l i:, «ffl^^ (ckvn) t 

ymwmmmm#E 3 oauj t t-tz andsii&a 2 o^-e^stt r 

e f_2k^ite>tL*o r e f_ll±. ADr*-*D i n^nil^f-n 
n+l#@ (nttMfc) Of-^-e»m*»^W^fc44o 4*:. re 
f_2i±> A^f-^DinOmfSOf-^iim+lfg (mttifr*) <*>7*- 
^•CjgWl.^P^^i^^o ^ftr e f_l ^IS^r e f_2^ 
;V*te, f-^Din tiEffitvy? c k v J3 itfi&tB**? * c k v nOftffi 
P#lc^^fe-f^"l | lT<0/N°;v^-e^)^o ff-^r ef_l ti^e r r o r_ 

l<D'Vl<xm<Dnffi*mmirZ>mm''<frXt%y), Ifre f_2l±'®-^e r r 

o r_2 O^^iffiOiilSt^^JKU't&lfeJi^^ 
[0 0 15] 

-fm^om 1 wo zm 4 k^i- 0 1 ^nt^i^u^o^-v^ 

V^@IttCP__l*5iW r CP__2 i:ttPICiaK-e**fe*^t-CttCP_„nfc?B 

o r.nfcJtfr e f _n tUifc-TZ £ f^-^#>^H*C P_n 

tt, 4o<OSIiIpK Ip2. Ul, In2kNMOS>5>^^QN 
K QN2, QN3, QN4^t>4S 0 f t-^V^^^e r r 
o r _n^li > 5 >^ ^ QN 1 HH^Jl^ 0 , error 

_nOR«H8^li b QN 2 O'/- FW^lO^ifCV^e 4^ r 

e f _n4§^fcJ\ h7>v*?QN3<W-bm^KePfln£*U r e f_n<S>R 

lisJ:t) ? QN2^y-^m®l»Som^MI n 2<Z>WilKVDD1BUwgM&U h 
7 y ^QN3*SilJ f QN40 V - I n 1 <OWm V D D 

fflfc&iffiU h9>3>**QNli3J:trQN3<0KW>«»«*«I P 
mSSVS Sflfl^^'t^fct'bfrcm^^v c o n t -^«Si"*o 
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^12 0 0 3-0 7 3 7 2 0 ^ : 12/ 

7^QN2feiy f QN4<DFV^f >W&\t^M<OftMMl P 2 0*»VSSfflK 
»«**fc#Kffi:fc« , *Hilv c o n t +fcgM£1-*o 
[0 0 16] 

Jfc^jROCDRHK^ny ^H#i::;l'-7 P :M JV*W3$£>v cont+tvco 

■r*ifc**-e§&ifc«rttW-f So WD^Uv^H^e r r o r_ni 
■f-O^^Wfcr e f_n«#fcO^^«JfcttH2lc^i-ri:< (3/2) t? 
&;*> 0 iOfcifc, H4^^^-^* 0 >7 8 l5Ij^^fev^-CiiI p 1 t I n lOtatt 
HKIotL, Ip2kIn20Wfctm< (2/3) *I 0 fcR5&*" 
So e r r o r n h i ghO^V-^tiltt (2/3) * 

I 0 , r e f_nff^ s h i gh©H^»^It»I 0^*^<> L^^oT, 
iterror_nO^IS (3/2) *TKV-*m* (2/3) * I 
ttfcV'-^iHT *i 0 fc, re f _nO^/V^<6Tlw-> V^WSIlI 

[0 0 17] 

^0^lli3ttSf-^-v^>'7 P lili^<7)||2<7)|lI^J*. fcBI5«rffl 

- v*° > ^EHfrfcH 4 <^)CP_nt^ L£@S&7)> h HI 5 <£> C P 1 _n bfc® 
HtHL/^t^m^o ,T(7)^2^liI»J : lr#^:i-Slll5 0^^-v^>"/ 
Uli&CP l_nf3\ |U4<7)^^-> ? ^ 0 >'7'llIS^CP_n^m»I p 1 £PMO 
S h7>y^?QP 1> m»I P 2 &PMOS f7>v^^QP 2. WMMl 
n 1&NM0S h7/^^QN6, WMM I n2£NMOS >7>^^QN 
5TM»«LfcHII-e**o h^^vX^QP li3J:^QN6(i> b9m^Q 
P4feiU f QN8 -eS^i - &*W/>57-lilBli:J:') AT^mE v 1 

X*QP 3 £QN7T?1ilJ&1-£# VVM?-H(M£J:$W*PJBA27*EEv 2t? 

^ii^*»Sik* I 0 £«~o ftllfPfflOA^miEv lfcitfv 2 i:U 
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4 0 L/;^t, Vy?m<De r r o r_ni1-J: r e f _n^^^^^^fl'SJt 

£^*Lib*«mjEv lisj^v 2 tct y) (i/k) ^Uut^tiSon 

c k v«l#^Plt^-i:«i : ^^» 
[0 0 1 81 

fflXlo&*±^t <*>:|fr£\ e r r o r_lift e r r o r_2if^>^iS* 
(1/2) *TiAtT$,o/;^^ (3/2) *T+At 

[0 0 19] 

7n k v«*iSf Si Wtt^^o error_ 
nm^tr e f __n#-^fl!>^X(BlJ ilf, v# V/Bttfcfctt* V-X 

*3 i tf-> > * ««E«0«3fi-t<^^**6jE U S5»fc C D RHJS& **5fe L-C 

[H21 
[EI 3] 

HI 1 co C D R Hlj^ic^ffl $ tL&&*BJfc$aUS&tf>HB&iao 
[HI4] 
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14/E 



UH5] 
[H6] 

c d r m&Mf&*7F-r\B\&m<> 

[H7] 



A 1, A2 

CP, CP_1, CP_2. CP_ 
c k v , c k v n 
D i n 
DSC 

El, E 2 , E 3 

e r r o r_l , e r r o r_2 

I ill, In2, I p 1, Ip2 

LI, L2, L3, L4 

LOF 

PD, PD_2 

QN1, QN2, QN3, QN4, 
QN 5 , QN6, QM7, QM8 
QP 1, QP 2, QP 3, QP 4 
r e f _1, r e f _2 
VCO 

vcont +, vcont — 
vcont 



AND08& 

NMOS h7>^^ 
PMOS b7>vX^ 
x — 



mffifw»n«isii» 
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1/ 



[mi] 



in® 



Din 



ckv 



PD_2 
(PFD_2) 



error_1 



ref 1 



CP_1 



error 2 



ref 2 



CP 2 
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